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Abstract 



A multivalued integral in Riesz spaces is given using the Kurzweil-Henstock 
(f-) | integral construction. Some of its properties and a comparison with the Aumann 

approach are also investigated. 
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: 1 Introduction 

: Riesz spaces and set-valued integrals were studied by several authors and in different 
settings and have become an important tool in many branches of applied mathematics, 
in particular in Economic Theory (see PQ), where the theory of Riesz spaces is applied to 
study Riesz commodities and Riesz price economies, utility functions and equilibria in an 
exchange economy. Riesz spaces and ordered vector spaces provide a natural framework 
for any modern theory of integration: indeed in this context there are some relations with 
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Ito and Stratonovich-type integrals. Moreover Riesz spaces have been recently used in the 
setting of stochastic processes (see e.g. [17]): indeed they can be viewed as functions with 
values in the space L°(T, E, //) of all measurable functions with identification up to /i-null 
sets, where the convergence involved is the almost everywhere convergence, which is not 
generated by any topology. For a literature, see for example [31 HI El El [151 EH EH 1231 

Multivalued analysis is a very powerful tool in the study of several problems in many 
areas of Mathematics. For example, we recall here sub differentials of convex functionals, 
Calculus of Variations, degree theory, fixed points, set-valued random processes, optimal 
control theory, game theory, Pareto optimization, and so on. 

The set-valued integration comes from Aumann using Bochner selections, and a very 
large number of generalizations of this approach were given. For example there are 
many recent studies concerning integrals of the type of Sugeno, Choquet, Pettis, Birkhoff, 
Kurzweil-Henstock, pseudo- integrals (see QUI [T21 El])- Following the ideas in [TH1 [S] 
we extend in two directions the results obtained. We introduce here a new kind of set- 
valued integral for Riesz space- valued multifunctions using the theory given in [5]: $(-F, E) 
is in some sense the set of limits with respect to the (D)-convergence of all Riemann sums 
drawn out from 7-fine partitions. Its main properties like convexity, closedness, bound- 
edness are investigated. We also prove that in the case of simple multifunctions this 
integral agrees with the usual integral obtained with Kurzweil-Henstock-type selections 
in the Aumann approach. 

2 Preliminaries 

Definition 1 Let R be a Riesz space. A bounded double sequence (ai,j)ij in R is called 

00 

a (D) -sequence or regulator if a^j > Oij+i for all i, j G N and A a it j = for all «GN. 

3=1 

A Riesz space R is said to be Dedekind complete iff every nonempty subset of R, bounded 
from above (below), has a lattice supremum (infimum) in R denoted by V (resp. /\). 
A Dedekind complete Riesz space R is said to be super Dedekind complete if every non- 
empty subset Ri C R, Ri 7^ 0, bounded from above, contains a countable subset having 
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the same supremum as R\. 

A Dedekind complete Riesz space R is said to be weakly a -distributive if for every 
(-D)-sequence (aij)ij in R one has: 



We say that {R\, R2, R) is a product triple if there exists a map • : Ri x R 2 — > R, 
which is compatible with the operations of sum and order, suprema and infima (see also 
[221 Assumption 5.2.1]). 

A Dedekind complete Riesz space R is called an algebra if (R, R, R) is a product triple. 
Our results are given in (R, R, R) only for simplicity, but they hold in general in a product 
triple (R 1 ,R 2 ,R). 

We assume that (T, d) is a compact metric space, £ is the cx-algebra of all Borel subsets 
of T and \x : £ — > R is a positive additive mapping which is regular, namely: for every 
E G £ there exists a (D)-sequence (o^-)ij sucn that f° r ever y V 9 : N — > N there exist a 
compact set K and an open set U such that K d E d U and 



We shall see in a moment that under usual conditions a regular measure is also a- 
additive. 

Definition 2 A gage on T is a map 7 : T — >• M + . 

Definition 3 A collection II of T is a finite family II = {(Ei, ti) : i — 1, . . . , A;} of couples 
such that ti £ Ei, Ei £ Y, and fl £y) = for i 7^ j. The points ti, % — 1, . . . , k, are 
called tags. If moreover Uf =1 = T, IT is called a partition. Given a gage 7, we say that 
II is j-fine (II -< 7), if d(w, ti) < jiU) for every i = 1 . . . ,k and u> G 

A sequence (r n ) n in R (D) -converges to an element r e i? if there exists a (D)- 
sequence (aij)ij in i?, such that for every <^ G N N there exists an integer uq such that 
l r n — r \ < Vi^i a i,v(j)' f° r an n — n o- I n this case, we write (D) lim n r n = r. 




(1) 



oc 




(2) 



i=l 
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Observe that in weakly ex-distributive spaces the (D)-limits are unique. 
We now recall the well-known Fremlin Lemma (see also |13j): 

Lemma 4 Let (a>i))i,j, k G N, be any countable family of (D)- sequences. Then for each 
fixed element u G R, u > 0, there exists a (D)-sequence (aij)ij' suc h that, for every 
ip G N N , one has 

s / oo \ oo 

u A E V a t^ + k) < V f° r aU s e n - 

k=l \i=l J i=l 

From now on, we shall always suppose that R is a weakly cr-distributive Dedekind 
complete algebra. 

As announced before we can prove that 

Theorem 5 In a weakly a -distributive Dedekind complete algebra every regular measure 
is a-additive. 

Proof: Since fi is non-negative, all we must prove is that, for every disjoint sequence 
(Ak)k in S, one has 

To this aim, let us denote by A the union of all A^s, and observe that, for each integer 
k there exists a D-sequence (a^Oij, such that, for every ip G it is possible to find 
a compact set C k and an open set £4 satisfying C k C A k C C4 and /i(£4 \ C k ) < 
y^i a iUi+k)- Also, setting u = 2/i(f2), by lemma @] it is possible to find a -D-sequence 
(bij)ij such that 

JV / oo \ oo 

m A E V ^ ^ V for a11 ^ e N - 

fc=i \i=i / i=i 

Now, by weak cr-distributivity and regularity, it is easy to deduce that fi(A) = sup{/i(C) : 
C C A, C compact}. Therefore, it will suffice to prove that 

+oo 

fe=l 
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for every compact set C C A. So, fix any compact set C C A, and any mapping p £ N^. 
In correspondence with tp, there exist open sets Uk, k = 1,2..., such that A k C U k and 
n{Uk) < + Vi=i a ^(i+fc) f° r an ^- Since C is compact, and the union of all U^s 

contains C, there exists an integer N such that C C UuknUu- Since /i is non-negative we 
deduce: 

N N N oo AT V oo 

fc = l fc=l fe=l 8=1 fc=l fc = l 1=1 

and so 

AT AT oo oo 

k=l k=l i=l i=l 

Then we have 

A" oo N oo +oo oo 

H{C) < n( |J A fc ) + V 6^ = J] /i(A fc ) + \/ b lMi) <J2K A k) + \/ hMi) ■ 

k=X i=l k=l i=l k=l i=l 

But the last inequality holds for every tp £ N ; so, since R is weakly a-distributive, we 



finally get 

+oo 

MC)<J>(A fc ), 

k=l 

as desired. 

We now give our definition of Kurzweil-Henstock integrability. 

Definition 6 [5J Definition 3.1] A function / : T — > R is (KH)-integrable (or, in short, 
integrable ) if there exist I £ R and a (-D)-sequence such that for all p> £ N N there 

exists a gage 7 such that for every 7-fine partition II = {(Ei,ti),i = 1, . . . ,q} of T we 
have: 

00 

E / - J ^ V a ^«' ( 3 ) 

n i=i 

where ^ n / := J^ =1 f(ti) n{Ei) is a Riemann sum. The number / is determined 
uniquely. It will be denoted here simply by f T f d[i. In an analogous way we can de- 
fine the (i^if)-integral on a set E £ E. 
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Observe that the (i^iJ)-integral is additive on disjoint sets and is a linear positive 
functional (see Propositions 3.2 and 3.5]). Moreover by [2U Lemma 1.10] the integra- 
bility on S-measurable subsets is inherited. 

In Riesz spaces in general it is not possible to compare Bochner and Kurzweil-Henstock 
integrability, we only know that simple functions are integrable in both senses (0 Theo- 
rem 3.7]); moreover it is possible to construct a Bochner integrable function which is not 
(iTif)-integrable, as the following example shows. 

Example 7 Let R 2 = K and R = R± = cqo be the space of eventually null real-valued 
sequences. Let {u n ) n be defined by u n := (0, . . . , 0, 1,0,...), where the value 1 is assumed 
at the n-th coordinate. The function / : [0, 1] — > R, defined by 

{u n if x = 1 jn 
(4) 
otherwise 

vanishes almost everywhere (with respect to the Lebesgue measure), so has null Bochner 
integral, but is not (iTif)-integrable on [0, 1]. 

Indeed, fix arbitrarily 5 : [0, 1] — > R + and n G N, n > 2. For every i — 1, . . . , n — 1, 

let £j = : and choose an interval }yi,Xi[ such that & e]yi,Xi[, Xi — yt < 6(£i), 

[yi, Xi] n [yj, Xj] = for all i 7^ j, < yi and x n _i < 1. We have: 

0<y 1 <x 1 <y 2 <x 2 < ...< y n -i < x n _i < 1. 

Let Xo = 0, y n = 1, and let us divide each of the intervals [xj_i,?/j], i = l,...,n, in 
subintervals, in such a way to have a <5-fme partition: this is possible, by virtue of the 
Cousin Lemma ([TSJ Theorem 2.3.1]). These subintervals and the elements ([yi, x^], 
i — 1, . . . ,71 — 1, form a 5-fine partition {([tj_i, tj], r)j) : j — 1, . . . ,p}. Since / = on each 
of the intervals [xi-i, yi\, i — 1, . . . , n, we have: 

p n—l 

j=i i=i 
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Let A- = £n+i-i - Vn+i-i, i = 2,...,n: then we get 

p n—1 n—1 

E (h - ti-o /(%) = E A Ki- /&) = E A Si- ^ A " n) «»■ 

j=l j=l i=l 

Since A^ is strictly positive for every n, the sequence ^5^n(n) fj is unbounded in _R. 

If / was (KiJ)-integrable on [0, 1], then there would exist a gage 5q : [0, 1] — > R + such 
that 

E] / : n is a 5 — fine partition of [0, 1] > G R : 
n J 

this is a contradiction. Hence, / is not (ifif )-integrable on [0, 1]. □ 




3 Multivalued Kurzweil-Henstock integral 

We introduce some definitions and properties. 

Definition 8 Let U(C,r) := {z E R : 3 x G C : |x — z| < r}. A set C C R is said to be 
closed if C = cl(C), where 

oo 

cl (C) := U fl U(C,\Ja lMl) ) 

Let cf(R) be the family of all non-empty, convex, bounded and closed subsets of a weakly 
cx-distributive Riesz space R. For example every interval [a, b] is closed. In fact, since 
Vi=i a wM = for ever y (-D)-sequence (a^j, then 

oo oo 

cl(C) := |J p| [a - \/ a» l¥ 7(i), & + \/ a» l¥ >(i)] = [a, & ]- 

Analogously as in [11] the addition +: cf(R) x cf(R) — >• cf(R) is defined as follows: it is 
the closure of the direct sum of the two sets. If A*, i = 1, . . . , n are in cf(R) we denote 

n 

E^:=cl(A 1 + --- + A n ). (5) 
i=i 



s 
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Observe that if A, B £ cf(R) then A + B £ cf(R). We have only to check the convexity. 
So, let zi, z 2 & A + B, we shall prove that for every real number a £]0, 1[, 

azi + (1 - a)2 2 £ A + 5. 

Let (a^)jj, {a!fj)ij be two regulators associated with z\, z 2 respectively, and set b it j = 
2( a !j + a \ 2 j) f° r & H ^, j ^ N. It is easy to check that the double sequence is a 

regulator. So for every tp £ N N and I = 1,2 there exist £ A,yi £ 5 such that 

oo 

|*-(*i + l/OI< V°Sw 

i=l 

Then 

oo 

\azi + (1 - a)^)] < \a{xi + yi) + (1 - a)(x 2 + j/ 2 )| + V &i )¥ >(i) 

i=l 

and this proves the convexity, since the direct sum is convex too. 

Definition 9 A multifunction F is bounded, if there exists a positive element L £ i? with 
C [-L, L] for all t £ T. 

We now define a multivalued integral as follows: 

Definition 10 Let F : T — > 2 R be a multifunction, and £ E. We call (*) -integral of F 
on the set 

E 1 ) = { z E R : there exists {a>i,j)ij ■ for all <£> £ N N there is a gage 7 

such that for every 7- fine partition P 7 := {(Ei, U) : i = 1, . . . , k} £ ILy 

k 00 

of there exists c £ E(ti) n(Ei) with |z — c| < W ai )¥ >(i) } • 

i=l i=l 

It is easy to check that, if F is single-valued and integrable, then its (*)-integral coin- 
cides with the usual Kurzweil-Henstock integral given in [5]. Observe that, in the case of 
Example [3, we get $({/}, E) = since the Riemann sums are not bounded in R. 

Then we have the following characterization: 
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Proposition 11 The set <&(F,E) can be obtained as follows: 

(k oo 
i=i i=i 

Moreover, if u is an upper bound for F, then u /x(T) is an upper bound for <§>(F,E) for 
every E G S. 

Proof: This is an easy consequence of definitions of (*)-integral and of V«=i ^i,v 3 W~' n ®*§b-~ 
borhood. For the second part, thanks to boundedness and weak a-distributivity, we have: 

HF,E) C IJ H U fl U ([-MT),u»(T)],y a^i)) C 

(oij)i,3 7 {(Ei,U)}eILy \ i=l J 

oo oo 

c u n \~ u ^ t ) - v ^( t ) + v a ^«] = [ _u ^( t )' u / i ( T )]- 

□ 



We now prove convexity and closedness of the set $>(F, E). 

Proposition 12 $>(F,E) is convex provided that it is non-empty and the multifunction 
F is convex-valued. 

Proof: Let Zi, z 2 G &(F,E); { a f])i,j be two regulators associated with z\, z 2 

respectively, and set b^j = 2(a-^ + afj) for all i,j G N. Since Z\ and z 2 belong to 
<&(F,E), then to every mapping tp G N N there correspond two gages 71, 72 such that, 

whenever II := {(Gi,rji) : I — 1, . . . , q} is both a 71- and a 72-fine partition, two points 

q 

c\i C2 G -^(^i) ^{Gi) can be found, with 



00 



\Z S -C S \ < V Q S«' S = 1 ' 2 - 



i=l 



Let now 7(2) := 71(2) A 72(2), a; G T. Of course, every 7-fine partition is both 71- and 

q 

72-fine. Moreover, note that the set ^^F(r/i) fi(Gi) is convex, since F is convex-valued. 



1=1 



Hence, for every a G [0, 1], ac\ + (1 — a) c 2 G -^(^) ^(Gi), and 



z=i 
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| a C\ + (1 — a)c 2 — a.Z\ — (1 — a)z 2 \ < a\ci — z\\ + (1 — a)\c 2 — z 2 \ < 

oo oo oo 

< a \J bi^(i) + (1 - a) \J b i>tp ({) = \J h^. 

i=l i=l i=l 

Thus, a z\ + (1 — a) z 2 £ -E), which proves convexity of E). □ 



Proposition 13 If F is bounded and R is also super Dedekind complete, then the set 
E) is closed. 

Proof: We have to prove that 



$(F,E)= |J f) u($(F,E),\/a 



t=l 



One inclusion is obvious, for the converse let 2 £ [J( a . ^. . D^p^ ^ f^K-^ -E), Vi^i a «,v( 
Then there exists a regulator (dij)jj such that for every </> £ N N there exists c v £ £) 
with 

oo 

\z - c v \ <\J a i)¥ , ( j). 

i=l 

Since -R is super Dedekind complete and weakly a-distributive, a sequence (<p n ) n £ N N 
can be found such that 

/ oo \ / oo 

o = A V a *.v« = A V a ^(i) 



\i=l / n \i=l 



Without loss of generality, arguing as in [2], we can assume that (y? n )„ is increasing and 
^Pn{i) < <Pn(i + 1) for every i,n £ N. Let now z n = c Vn , so that z = (o) lim n z n = 
(D) lim n z n , where z = (o) lim n z n means that A„ sup m>n \z m — z\ — 0. 
We will show that z £ <&(F,E). Observe that the sequence (z n ) n is bounded. Since 
z n £ &(F,E), a regulator (a\j )ij can be found, with the property that to every <£> £ N N 
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there corresponds a gage 7 n such that for any 7 n -fine partition {(Ei,U) : % = 1, . . . ,k} 
there is w n G $Z i=1 F(U) n(Ei) with 

oo 

\z n -W n \ < V^Si+n) 
i=l 

for all n G N. Since F is bounded, then (w n ) n is bounded, and hence the sequence 
[z n — w n ) n is bounded too. Thus, by virtue of Lemma HI there is a regulator with 

oo 

\z n - W n \ < Y 

i=l 

for any n G N. Moreover, since the sequence (z n ) n (-D)-converges to z, a regulator (bij)ij 
can be found, with the property that to every (p G N N there corresponds n G N such that 

oo 

\z n — z\ < \J 6t lV ,(i) whenever n >n. 

i=l 

Let now Cjj = 2(/3 i) j + hj), i,j G N. It is easy to see that (qj)^ is a regulator. 

The element 2% is such that for every ip G N N there is a gage 7^ with the property that 

for all 7— fine partition : i = 1, . . . , fc} there is w% G J^ i=1 F(U) fi(Ei) with 

00 

|% - Wn\ < V Pi )¥ >(i) 
i=l 

and 

00 

|z - Wn\ < \Z - Zjt\ + \zjt -Wn\<\J C i)¥ ,(j). 

i=l 

This implies that 2 G $>(F, E), and hence the set <&(F, E) is closed. □ 

Proposition 14 7/0 G /or every t ET, then 

A) C 5) /or every A,B G S, A C B. 

Proof: Every element of the Riemann sum ^ n F\a can be extended to the Riemann sum 
^ n -F|#, using [2T1 Lemma 1.2] (Cousin Lemma) and the fact that G F(ti), for every 
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U G B \ A. Now the proof follows using the definition of (*)-integral. □ 

The next goal, that we will obtain in the next section, is to prove that simple measur- 
able multifunctions are integrable and the integrals can be obtained as in the single- valued 
case. We prove this fact in several steps. We begin with the following 

Proposition 15 Let C be a closed subset of R. If F(t) = C then, for every E G X, we 
get 

$(F,E)=$(Fl E ,T) = C f i(E). 

Proof: We will show that 

Cfj,(E) C $(C1 E ,T) C $(C,£) c Cfi(E). 

First of all observe that, since \i is regular, in correspondence with E there is a regulator 
( a Fj)i,j sucri that for every (p : N — > N, there exist a compact set K and an open set 
U such that K C E C U and satisfying fl2]). Arguing analogously as in [5], since K is 
compact and U is open, there exists a gage , y E such that 

{U V t e K, 
U\K VteU\K, 
T\K Vt#U. 

So, if II = {(Di, Ui), i = 1, . . . , q} is a 7 E -fme partition of T, then 

oo 

fi(EA(U{D, t : u t e E})) <\J a^ (i) . 

i=l 

Let z G Cfi(E) and consider (afj)ij and ^ E as above. Let II = {(Di, m), i — 1, . . . , q} be 
a 7^-fine partition of T, and D = Uj{-Dj : Ui G E}. Then 

<? 

£)C71 B (uiMA) = J] CljsfaOMA) + X Cls(^>(A) = Cfi(D). 

i=l Ui£E Ui£E 

Since //(£>) G -V~i a f</>K>' M-E)+Vi=i a fy,(i)]> tnen tnere exists c e XXi ^lfit^iMA) 

such that 1 2 — c| < Vi=i a f</p(i) an( ^ this P roves the nrs ^ inclusion. 
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If z G <&(FIe,T), then there is a regulator (fejj)ij such that for every tp G N , there 
exists a gage 7 such that for every 7-fine partition II = {(Tj,tj) : i = 1, . . .,q} there is 
c G such that |z — c| < V^i ■ I n particular this holds for 7-fine partitions 

IT = {(Di, ti) : i — 1, . . . , s} such that {(-Dj, £j) : ^ G are partitions of E. This proves 
that z G $(F,E). 

Tor the last inclusion, if we take z G <&(F,E), then there exists a regulator (aij)y 
such that for every G N N there is a gage 7 such that for every 7-fine partition 
{(Ei, U) : i = 1, . . . , k} G n 7 of E there is c G J^Li F{U) with k _ c l < V^i a i,<fi(i)- 

Since the partition {(Ei,ti) : i = l,...,/c} is given for the set E, then the tags tj 
are in E and so we get F(tj) = C for every % = 1,2, ...,k. Then c G Cfi(E) and 
-2 G U(C[i(E), Vi^i a i,v(i))- Since this holds for every y> and C is closed, we get z G Cfi(E) 
and finally -E) C Cfi(E) by arbitrariness of z, and this proves the last inclusion. 
□ 

3.1 Comparison with the Aumann integral in Riesz spaces 

We introduce now the Aumann integral via Kurzweil-Henstock integrable selections, in 
order to compare it with the previous integral for mult if unctions. Tor a multifunction 
F :T ->■ cf(R) let S F = {f : f(t) G F{t) ft - a.e. and / is (fa7)-integrable } be the set 
of all (i^if )-integrable selections of F. 

Definition 16 If F is such that S F is non-empty, then for every E G £ we define the 
Aumann integral (shortly (A)-integral ) as 

{A)jFd^=^Jjd^feS l F y 

We recall that, in the context of Banach spaces, the Aumann integral is defined via 
Bochner integrable selections. In our setting, this is not a good idea, as we showed in 
Example [7J As in the single- valued case we obtain that 
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Theorem 17 If F = ^l = \CkXE k ^ s dosed valued, Ek G S for all k = 1, . . ., n and the 

Ef, 's are pairwise disjoint, then for every A G X we get 

Q^C^A)) =^$(C t l £t ,A) = ^«nA) = cI (A) / FdjjA . 
k=i J k=i k=i \ Ja J 

Proof: First of all observe that in this case all the sets involved are non-empty. The 

equality ^^" =1 ^(C^l^, yl) = Ylk=i^k^{.Ek D A) follows immediately from Proposition 

[15] with T = A, E = Ek, C = Ck, k — 1, . . ., n. Moreover observe that, by ([5]), if F = 

Ylk=i Ck^-E k , then for every gage 7 and for all 7-partitions II = {{B r , t r ) : r = 1, . . . w} of 

A we have: 



w I n 



5> = ^F(t r ) A *(S P ) = X; )(tr)tiBr)= (6) 

n r=l r=l \fc=l / 

n / w \ n 

fc=l \r=l / fe=l n 

We now prove that 

*E^^)cE $ (^u.4 (7) 

it=i fc=i 

Let z G 3>(57Jfe=i Cfcl^fe; ^4); then there is a regulator (h^ij with the property that for any 

V? G N N there is a gage 7 such that for all 7-fine partitions II* = {(D m , £ m ) : m = 1, . . . , q} 

00 

of A there is y G ^n, (Sfe=i Cfcl£ fe ) suc h that |y — z\ < \J b it(p ^. We consider now only 

i=l 

the 7-fine partitions II* = {{D' m , t m ) : m — 1, . . . , s} of A such that for every k — 1, . . . , n 
the family II* 1^ is also a partition of E^. By ([S]), we have that 

s / n \ n / s 

y e J2 E^ 1 ^ (OM^C) = E C M E u(0/«p» 

m=l \fe=l / fe=l \m=l 

Thus for all k = 1, . . . ,n there are a regulator (cij)^-) and G $((7^1^, ^4), for = 

n 00 

1, . . . , n, such that for every ip G N N we have \y — Vk\ < \/ c w(i)- This implies that 

fc=l t=l 

(n 00 \ / n 00 

k=l i=l / U=l i=l 
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Since J2k=i ^(^k^E k , A) is closed, then the inclusion in (JZJ) holds. 

Obviously ELi HC k l Ek ,A) = Y2=i CkKA n E k ) C (A) Fd// C cl ((A) X, Fdfi) . 

So we have only to prove that (A) J A Fdfi C <&(F,A). But, if z G (A) f A Fdfi, then 

z = J A gd/i with (7 G 5^. By Definition [6], there exists a regulator such that for all 

V? G N N there exists a gage 7 such that for every 7-fine partition n we have: 



9- z 



< 



V 



8=1 



Since (7 G ^ n -F, then the assertion follows. □ 



Corollary 18 Suppose that R is super Dedekind complete. If F is a simple multifunction 
with closed and bounded values then 

<$>{Y j C k l Ek ,A) = cl({A) [ Fdfi). 

k=l \ JA J 

Proof: it is an immediate consequence of Theorem [T71 since 3>(X^fe=i Cfc !.£;*.> A) is closed 
thanks to Proposition [131 a 

It is still an open problem to compare the (*)- and Aumann integrals for not necessarily 
simple multivalued functions. 
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